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 Marsh fires burn on a regular basis on the Southwestern Louisiana Coast from 
both natural and anthropogenic ignitions. Remote sensing based studies of these fires are 
scarce. Several burn scar mapping techniques have been developed and implemented for 
study of forest fires in the American West but have not been applied to marsh fires. Erdas 
Imagine and ArcGIS Software was used to process Landsat imagery of the Sabine 
National Wildlife Refuge in accordance with the most commonly used burn scar mapping 
spectral indices and tested for accuracy against manually digitized burn scar maps. 
Indices tested included the Normalize Burn Ratio (NBR), Normalized Difference 
Vegetation Index (NDVI), and Tasseled Cap Transformation (TCAP).  After determining 
the most accurate burn scar mapping technique, six fire scars were studied in detail over 
the course of one year to analyze the difference between late Fall and mid- Winter fires. 
Multi-temporal burn scar extraction methods returned better results than did single image 
date techniques. It was found that the differenced NDVI was the most accurate method of 
burned pixel extraction. 
  Fall and Winter fires exhibited different recovery patterns but returned to similar 
NDVI levels within the study period suggesting there is no significant difference in 
overall recovery due to the burn date. Fall and Winter burns did however show different 
patterns in the post fire “green-up” and therefore fire seasonality may play a role in marsh 







Chapter 1. Introduction 
1.1 Fire on the Louisiana Coast 
 
The Louisiana coastal zone is a land defined by many contrasts and blurred lines. Fresh 
water subtly gives way to salt along an ever changing transition zone. Saltwater and freshwater 
fish species swim side by side in waters that vary in salinity by the day. The heavily diminished 
coastal prairie gradually morphs into a freshwater marsh, then an intermediate, and eventually a 
saline marsh which in turn yields to the blue waters of the Gulf of Mexico. This zone has no clear 
transition line, the boundary between land and water is constantly shifting at a scale which can be 
measured in feet on an hourly basis and acres by the year. A high spring tide garnished by a full 
moon may flood deep into a marsh which was nothing but an empty mud flat merely weeks before 
during a low tide pushed seaward by the North winds of  a passing front. The plant communities 
which make up this dynamic ecosystem respond to the ever changing conditions in an attempt to 
anchor themselves to the marsh soils so the land will not be taken out to sea with the next outgoing 
tide. One of the more striking dichotomies of this evolution is the vegetation’s affinity for fire. 
Despite being submerged by water more often than not, the fire regime of this ecosystem is 
extremely active (Hann et al., 2003). 
Wild fires burned the entire Louisiana coastline on a yearly basis prior to mankind’s 
intrusion (USGS, 2000). Acting as a catalyst, fire often spurs growth in plant species. By clearing 
vegetative litter, opportunities are opened for new marsh grasses to grow in a natural cycle of 
disturbance and succession (Nyman and Chabreck, 1995). The fires that burn the climax grasses 
ensure the place of a temporary early succession species among the plant community. By clearing 
the marsh surface of all above ground tissue, the rapidly recovering native plant life is able to fend 
off species that may not be as well adapted to the frequent fires (Nyman and Chabreck, 1995). 
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While immediate post-fire effects may seem destructive, recovery is fast, often within a year 
according to Gabrey and Afton (2000). 
The spectacular wildfires of the American West are often the subject of nightly newscasts 
across the country. Fifty-foot flames threatening a multi-million dollar home perched above a vast 
forest captivate the public. The fires of Southwest Louisiana however rarely receive so much as a 
back page mention in the local newspaper. Following in the same suit, much research focuses its 
attention on the fires which ravage the western States. Unfortunately, precious little attention is 
given to the marsh fires of Louisiana. 
Native populations found fire to be a powerful tool with many uses including agricultural 
practices and range management (Kniffen et al., 1987). The European settlers who followed 
however believed fire was something to be eliminated because of the immediate negative 
consequences. It was not until early in the 20th century that the local population recognized the 
power of small fires in controlling the outbreak of large catastrophic fires. In the 1930’s wildlife 
managers had begun to recognize fire as being important, in not only preventing large wildfires, 
but also in maintaining a desirable marsh ecosystem (Nyman and Chabreck, 1995; Pyne et al., 
1984). 
Wildland fire management has gone through tremendous scrutiny in recent times. It is 
widely regarded that acts of aggressive fire control and suppression, going as far as completely 
eliminating fire from some ecosystems, have left many of the United State’s natural areas at an 
increased danger for catastrophic fire (Busenburg, 2004). Nationwide, land managers and natural 
resource experts are calling for a renewed use of fire on an ecologically significant scale in order to 
return natural areas to their original fire regimes (USGS, 2000; McKenzie et al., 2004). It has been 
recognized that fire in is a natural event within the Southwestern Louisiana coastal ecosystem. 
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Of course the fires are not without their undesirable aspects. An ill-timed fire could lead to 
a rapid loss of marsh grasses which hold the land and therefore the coastline intact. Because of the 
combined effect of mankind’s alteration of the natural processes of the coastal zone and a rising 
sea level, the area is at a heightened risk.  A fire burning across dry marsh grasses, followed by a 
long term flood event, whether it be tidal or precipitation derived, could possibly transform marsh 
into open water (Nyman Personal Communication, 2005; Hackney and de la Cruz, 1981). The 
dangers of wildfire are not limited to the natural community, but the human population of the area 
as well. The risk of property damage, or worse the loss of human life creates a need for a highly 
monitored and managed fire regime.  
Fire managers at the Sabine National Wildlife Refuge have used carefully monitored fire as 
an important tool in the restoration and preservation of a healthy marsh for many years (USFWS, 
2005). In an early work, Lynch (1941) categorized marsh fires into three categories: peat, root, and 
cover. Peat burns are the most severe of all marsh fires. If a marsh has been completely drained by 
drought, the underlying soils can be burned and destroyed by fire. While uncommon, this type of 
fire would cause long lasting destruction. Root burns, while not as dire as peat burns, are still 
considered to be a severe and undesired type of fire. Marsh which has not been subjected to regular 
fire may experience a scenario in which heavy, dry fuel loads burn with an intensity which 
damages the root structure of the vegetation. Ideally marsh managers use cover burns in 
controlling the fire frequency and intensity. Cover burns are best executed over several centimeters 
of standing water in the marsh. The water creates an insulating layer which protects the root 
structure and prevents extreme damage (Mendelssohn et al., 2002). Surface vegetation litter is 




In the past, marsh managers have traditionally used late fall and winter burns in their 
practices. It has been accepted by many that burning during the dormant season decreases the 
chance of inflicting harm onto nesting birds and young wildlife (Nyman and Chabreck, 1995). 
However, the natural fire regime of the area would be more likely to see spring and summer fires 
caused by lightning strikes, rather than the late season burns of a fire management program 
(Nyman and Chabreck, 1995; USGS, 2000). Controlled burns over the fall and winter months have 
certainly helped reduce the number and extent of natural burns but by no means have eliminated 
them. It is also widely accepted that late fall burns provide fresh, tender grass shoots for wintering 
geese (Nyman and Chabreck, 1995). Chabreck (1981) and O’Neil (1949) state that fires should be 
burned as early in the fall as possible as these fires promote an environment more favorable to 
Scirpus olneyi than Spartina patens. Wintering geese prefer the S. olneyi over the unpalatable S. 
patens (Ford and Grace, 1998). 
1.2 Remote Sensing in Fire Management 
Wildland fires are most accurately documented by field crews equipped with GPS receivers 
and a keen knowledge of the affected area. This in situ monitoring is however not always the most 
feasible approach (Ichoku et al., 2003). In south Louisiana marshes, often airboats are the only 
viable transportation option.  Advancements in remote sensing satellite sensors and the associated 
analysis are paving the way for a new era of burn scar mapping and fire monitoring techniques. 
The development of spectral indices designed specifically for vegetation studies and the further 
advancement of GIS technologies is leading the field of wildfire research into a realm which is not 
constrained by the limitations of field reconnaissance. Personnel, access, and geographic factors do 
not handicap remote sensing based studies of fire affected areas. Fire size, intensity, and frequency 
can now be monitored by land management officials on a regular and timely basis. Further, the 
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regeneration of vegetation and environmental impact can also be studied with a continuity and 
precision which may not be possible when relying on human observations. 
Over the course of the last twenty years the field of remote sensing has seen dramatic 
improvements in sensor technology as well as data processing techniques (Kushla and Ripple, 
1998). Various transformation techniques such as Principal Component Analysis (PCA), 
Normalized Difference Vegetation Index (NDVI), and Tasseled Cap Transformation (TCAP) have 
been applied to burn scar studies with various degrees of success. One of the most widely accepted 
methods of burn scar mapping utilizes the Normalized Burn Ratio (NBR) developed in 1996 by 
Key and Benson (2004.) The NBR index has been adopted by numerous land management 
agencies and wildfire researchers as the leading tool for documenting burn scars and mapping their 
recovery. In the following pages a detailed explanation of this index will be given. The NBR will 
not be the only model used to identify and analyze the vegetative state of fire affected marshlands. 
The Normalized Difference Vegetation Index will be applied, as well as the previously mentioned 
Tasseled Cap Transformation. 
1.3 LANDSAT Family 
The stated spectral transformations and indices are based on reflection in certain 
wavelengths and therefore can, and have, been applied to numerous satellite sensors. This study 
will be concerned with a single family of platforms and two separate, yet similar, sensors. The 
Landsat family of remote sensing satellites was launched in the early 1970’s out of an increasing 
desire for data on the Earth’s terrestrial resources. To date seven Landsat satellites have been 
launched with six reaching orbit. Landsat 4 brought a new instrument to the program. The 
Thematic Mapper (TM) sensor onboard Landsats 4 and 5 gave the scientific world a much more 
detailed look at the Earth’s surface. The eighty meter resolution of the Multi-Spectral Scanner 
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(MSS) had been increased to a spatial resolution of thirty meters and spectral resolution was 
redefined into more discreet wavelengths (Campbell, 2002). 
Virtually every Earth monitoring satellite to date has been used for burn scar mapping 
studies in some regard. The daily coverage of satellites. such as the geostationary GOES family 
and the 1 km AVHRR instrument, provide the public with important daily data on the state of fires 
across the globe. This exceptionally high temporal resolution comes with a tradeoff. The coarse 
spatial resolution makes highly detailed studies difficult or impossible (Li et al., 2000). The 
Landsat based sensors have reached a very successful compromise between spatial and temporal 
resolution. The thirty meter pixel size is detailed enough to provide information on the local level, 
yet the temporal resolution provides frequent imaging. Image scenes are acquired approximately 
every two weeks, which provides an opportunity for coverage throughout the year and across 
seasonal transitions. The footprint of the Landsat TM and ETM+ images is approximately 170 km 
by 183 km (Campbell, 2002). This scene size is large enough to provide researchers and land 
managers with a view of an entire region while still maintaining the necessary detail needed to 
study specific fire events. 
Following the failure of Landsat 6 to reach orbit, Landsat 7 was launched on April 15, 
1999. Housed within the new satellite was a new generation of Landsat TM sensors. The Enhanced 
Thematic Mapper Plus (ETM+) maintained the successful channel wavelengths as its predecessor 
but added a panchromatic band with fifteen meter resolution and an increased spatial resolution in 
the thermal channel. It is the red and various infrared channels that receive the most attention from 
those concerned with vegetation studies. The Landsat TM and ETM+ spectral characteristics can 
be found in Table 1. 
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Table 1. Landsat TM and ETM+ Band Numbers and Corresponding Wavelength 
Sensitivities Source: Campbell (2002) 
 
Band Number                            Wavelength Interval                          Spectral Response
         1 0.45-0.52µ Blue-Green 
         2                                                0.52-0.60µ Green 
         3                                                 0.63-0.69µ                                                 Red 
 4   0.76-0.90µ Near IR 
 5   1.55-1.75µ Mid-IR 
        6   10.4-12.5µ Thermal IR
  7   2.08-2.35µ Mid-IR 
    8(ETM+ only)                                                                                             Panchromatic 
 
Various combinations of bands provide the analyst with different information sets pertinent 
to different studies. As stated previously, combining the visible and infrared channels has been 
extremely useful for vegetation studies. When assessing fire scars, several band combinations have 
been especially valuable.  In Greece, a combination of bands 7,4,1 or 7,4,2 assigned to the visible 
colors red, green, blue (RGB) respectively, creates an image in which burns scar appear as clearly 
visible, bright red patches, distinct from the surrounding vegetation (Koutsias and Karteris, 2000). 
Chuvieco and Congalton (1988) utilized the 4,5,7 combination in Spain, while bands 3,4,5 were 
the channels of choice for an Amazonian study (Pereira and Setzer, 1993). The chosen 
combination of bands may be dependent on the characteristics of the scene being studied (Hudak 
and Brockett, 2004). Display of a Landsat image of coastal Louisiana in the 7,4,2 RGB band 
combination shows burned areas as bright red or deep crimson areas distinctly different from the 
unburned areas surrounding, which appear green or pink. As will be discussed later, burned areas 
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can show a higher return in Landsat band seven due to a reduction in plant canopy moisture and 
therefore a decrease in the absorption of the wavelength. Burned areas are also often low in band 
four reflectance due to a loss of vegetation (Key and Benson, 2004). If these bands are set to red 
and green respectively, burned areas will appear as bright red due to the high band seven 
reflectance and show little or no green due to the low band four reflectance. This combination of 
bands makes the burn scars easily discernable from unburned areas. While providing an invaluable 
display image which is instrumental in the qualitative study of the burn scar, this visually based 
procedure does not however provide the researcher with enough data to fully quantify, with speed 
and efficiency, the impact and extent of the fire event being monitored. In order to fully understand 
the fire, the previously mentioned transformations and indices can be applied to the imagery. By 
capitalizing on the full capabilities of the data, the image analyst can truly gather a full 
understanding of the fire event and the associated environmental impacts. 
1.4 Research Question 
 
It is not clear what role seasonality plays in the recovery of marsh vegetation post-fire. 
Several vegetative based studies have addressed the issue based on field data from a ground level. 
This research will address this issue from a remote sensing perspective. Landsat TM and ETM+ 
imagery will be processed in accordance with some of the most widely accepted methodologies for 
burn scar extraction and compared to manually digitized burn maps in order to determine the 
effectiveness of established methods when applied to marsh fires in coastal Louisiana. The 
research will also attempt to satisfy the question of whether or not remotely sensed imagery can 
help determine if seasonally prescribed fall burns do indeed affect the vegetative state of the 
burned area differently than their winter counterparts. The goal of this project is to develop an 
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increased understanding of the fire regime and ecology of the Sabine National Wildlife Refuge and 




Chapter 2. Literature Review 
2.1 New Methods in Fire Research 
 
Across the globe vegetation fires burn regularly in forests and grasslands. Developments in 
remote sensing have revolutionized the monitoring and mapping of the extent and impact of these 
events. The retrospective benefits of remotely sensed data provide information at various scales on 
the environmental, economic, and social impacts as well as the subsequent recovery of the affected 
area. As social awareness of wildfire impacts increases, so too does the amount of scientific 
research associated with the subject. Chuvieco et al. (2002) note that wildfire related remote 
sensing literature often lies in one of three categories: 
1. Evaluation of new sensors 
2. Development of new methods for detecting burned areas 
3. Analysis of fire scars 
 
This paper will deal with the latter in order to more fully understand wildland fire in Louisiana as 
it is seen from space. Early remote sensing studies of burned areas consisted of mainly false color 
infrared aerial photographs (Coppin and Bauer, 1996). Comparisons between pre and post-fire 
photos were made in order to assess the impacts incurred from the fire. Aerial photography still 
plays a role in fire research, but satellite imagery is certainly drawing a larger portion of the 
literature. Digital data obtained from regularly orbiting or geostationary satellite platforms has in 
some instances replaced the traditional airborne sensors, although problems still exist in the field 
(Russell- Smith, et al., 1998; Miller and Yool, 2002). The general focus of the research however 
remains constant. Most burn scar mapping research is dedicated to assessing the fire event based 
upon the change in spectral reflectance characteristics due to the fire (Coppin and Bauer, 1996). 
Fire changes the vegetative state of the affected area and therefore the spectral signature. By 
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removing or altering healthy green vegetation or leaving a charcoal or bare soil layer in the fire 
zone, changes are made to the level of reflectance at each spectral wavelength (Rogan and Yool, 
2001; Jacobs and Schloeder, 2002). These changes are in turn recorded by satellite based 
instruments. Rogan and Yool (2001) state that in semi-arid environments, burned areas are devoid 
of healthy green vegetation and are composed more of dry soil which decreases absorption of the 
visible and SWIR wavelengths. These alterations make for a spectral signature which is brighter 
than a non-burned area in both the visible and SWIR wavelengths. They also note that NIR 
reflectance is reduced due to fire effects. NIR reflectance is strong in healthy vegetation but the 
destruction of the plant and/or leaf structure due to fire causes a drop in reflectance values (Rogan 
and Yool, 2001). The spectral reactions of wetland areas to fire have not been extensively explored 
a factor which provides an interesting avenue for study (Ramsey et al., 2002). Roy et al. (2005) 
noted that African wetlands were spectrally similar to burn scars and therefore caused confusion 
during the classification process, but did not address the effects of fire on the vegetation’s spectral 
reflectance. Regardless of the specific post-fire response of the study area, it has been made clear 
by the substantial amount of literature available that remote sensing is a valuable tool in the field 
of burn scar mapping. 
2.2 Global vs. Local Fire Monitoring 
 
When studying wildland fire through remote sensing, one of several spatial extents can be 
addressed. Literature on fire scar mapping often falls into a category of scale. Remotely sensed 
imagery is inherently bound by spatial resolution; the system parameters demand that the 
researcher focus on global, regional, or local fire regimes and their activities. Geostationary 
meteorological satellites provide a global look at fire occurrences on a daily basis. Satellites of this 
type, such as NOAA-AVHRR and the GOES family of platforms provide researchers with a 
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wealth of information regarding the general fire situation of a country or continent or the influence 
of large scale fire regimes on atmospheric carbon cycling, but are limited by their low spatial 
resolution and therefore their ability to provide detailed information on specific fire events (Rogan 
and Yool, 2001; Michalek et al, 2000). Despite the shortcomings in spatial resolution, AVHRR has 
been the most widely used instrument in the field of burn scar mapping (Rogan and Yool, 2001). 
This may be due to the fact that many fire mapping projects deal with areas associated with large, 
widespread fire regimes that encompass vast areas. Kasischke et al. (1993) used the sensor to 
detect 89.5% of all fires greater than 2000 ha in the boreal forests of Alaska. Domenikiotis et al. 
(2002) showed that NDVI products generated from NOAA-AVHRR data rivaled that of Landsat 
generated NDVIs in preliminary burned area estimations, but fell short in terms of overall 
accuracy. 
Satellite based sensors with a higher spatial resolution, such as Landsat, SPOT, IKONOS, 
and Quickbird, can provide data on individual fire events. A tradeoff still exists however when 
deciding on the optimal resolution range. While sensors with sub-ten meter resolution may provide 
extremely accurate information on a particular fire, the amount of data generated in attempting to 
cover large areas may hamper processing the data. In addition to the large size of the data files, the 
more limiting factor of the low temporal resolution associated with high spatial resolution satellite 
platforms will be problematic due to the sporadic and unpredictable nature of wildland fires 
(Rollins et al., 2004). 
2.3 The Use of Spectral Indices in Burn Scar Mapping 
 
Mapping Spain’s fire scars in a 1988 study, Chuvieco and Congalton (1988) found it 
difficult to discriminate unburned and lightly burned areas using Landsat TM imagery because of 
an increase in post-fire soil reflectance. They maintained that band ratioing could be used to 
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improve results.  Numerous band combinations and transformations have been utilized in the field 
of wildland fire study (Li et al., 2000). The spectral reflectance characteristics of burned areas 
allow researchers to exploit the wavelength sensitivities of the sensor. The radiometric capabilities 
of Earth monitoring satellites can be capitalized on through the use of spectral indices. By utilizing 
a ratio or linear combination of spectral bands, a great deal of information can be gathered about 
the effects and extent of a fire. The process of band ratioing or indices can also provide a semi-
automated process which can speed the burn scar mapping process as well as reduce problems 
associated with interpreter subjectivity. Numerous methods employ these theories in the study of 
wildland fire, but significant differences between methodologies have been reported (Coppin and 
Bauer, 1996). 
2.4 Normalized Difference Vegetation Index (NDVI) 
 
The change in NIR and visible red reflectance of burned vegetation has been studied on a 
number of occasions using the NDVI index. The NDVI is a common spectral vegetation index 
derived by dividing the difference between reflectance in the NIR and visible red channels by the 




                   Equation 1. Normalized Difference Vegetation Index (NDVI) 
 
where TM 4 and 3 are Landsat Thematic Mapper (or ETM+) bands four and three. This index has 
long been used in assessing the vegetative health and moisture content of an area, and therefore it 
can be used to demonstrate the extent of vegetation removal associated with a fire event because 
the NDVI index will exhibit a sharp post-fire drop (Li et al., 2000). Franca and Setzer (2001) 
showed a drop of 59% in NDVI immediately after a fire in a Brazilian savanna. As is common in 
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fire adapted areas however, they note that NDVI values rose at the end of the rainy season. They 
effectively show in their work that NDVI, regardless of whether the values are positive or 
negative, can discern a fire scar in various stages better than the single channels of a sensor 
(Franca and Setzer, 2001).  Fernandez et al. (1997) utilized the spectral properties of burned areas 
as they respond to the NDVI to effectively map burned areas in Spain, as did Kasischke and 
French (1995) in Canada. Diaz-Delgado et al.  (2003) used NDVI values to monitor the influence 
of fire severity on plant regeneration after a large Spanish wildfire. Several other studies have used 
differenced pre and post-fire NDVI images to discern fire scars (Cahoon et al., 1992; Kasischke et 
al., 1993; Kasischke and French, 1995; Li et al., 1997, Leblon et al. 2001).  Differenced NDVI 
images can provide a quick and efficient measure of vegetation change due to fire. 
Chuvieco et al. (2002) maintain that burned area assessments based on the red and near 
infrared bands are critical due to the relatively recent addition of SWIR channels to some satellite 
sensors (SPOT HRV and VEGETATION in 1998; 1999 for MODIS, and 2000 for NOAA -
AVHRR) and because several sensors such as the Wide Field Sensor (WiFS) onboard the Indian 
Remote Sensing (IRS) satellite and various commercial sensors are limited to NIR and red 
wavelengths in their design. Therefore, in order to maintain historical continuity, burn scar 
mapping techniques must be retained in these wavelengths. This thought has been justified by the 
numerous problems encountered in the Landsat series of satellites. The partial failure of Landsat 7 
in 2003 and several temporary suspensions of Landsat 5 operations in 2005 and 2006 have 
highlighted the need to remain flexible in wavelength selection. 
NDVI however is not always the best suited index for fire severity estimations. The index, 
under normal circumstances follows an annual cycle in which values increase in Spring, reaching a 
peak in the Fall, and then undergo a rapid decline in late autumn as the vegetation senesces. 
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Depending on the cycle of the growing season, the dates of these phenologic changes can vary 
considerably within and between growing seasons (Li et al., 2000). NDVI is severely affected by 
plant phenology, and therefore the date of the image selected for study is critical (Rogan and Yool, 
2001). It is possible that anniversary date imagery may yield invalid results if there has been a 
large variation in environmental factors, such as drought or precipitation events, or negative 
changes in vegetation health. Li et al. (2000) also showed that NDVI lacked, in some cases, the 
ability to detect the scars left by low intensity surface burns. Fires occurring after vegetation goes 
into senescence may also be difficult to discern due to low pre-fire NDVI values (Eva and Lambin, 
1998). 
2.5 Tasseled Cap Transformation 
 
The Kauth and Thomas Tasseled Cap Transformation (TCAP) (Kauth and Thomas, 1976) 
has been used extensively to identify areas of differing vegetative states (Mbow et al., 2004). 
TCAP transforms the six reflectance bands from Landsat TM data into three orthogonal indices 
representing Brightness, Wetness, and Greenness (Kauth and Thomas, 1976; Crist and Cicone, 
1986). This process compresses the data contained within the image and allows for interpretation 
of the physical characteristics of the area being studied (Suming and Sader, 2005). The wetness 
band in TCAP has been successfully used in studies detecting moisture variations associated with 
forest mortality (Collins and Woodcock 1996; Skakun et al. 2003). Guild and Cohen (2004) found 
TCAP based classification techniques to be more accurate than PCA in mapping fire and 
agricultural based deforestation in Brazil. Rogan and Yool (2001) note that due to confusion 
between charcoal and soil color, when mapping burn scars in areas of variable soil color 
composition, the TCAP indices may be able to provide a more accurate delineation of burn extent 
and severity when compared to methods based on the visible characteristics of burn scars. 
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2.6 Normalized Burn Ratio 
 
In 1996 Key and Benson began work on a notable addition to the literature regarding burn 
scar mapping. Their development of the Normalized Burn Ratio (NBR) gave the field what would 
become one of the most widely adopted fire scar mapping indices available. Under the joint NPS-
USGS National Burn Severity Mapping Project, Key and Benson (2004) put forth a method that 
capitalizes on the post-fire reaction of vegetation in the near and mid infrared wavelengths. The 
index was developed specifically to map burn severity, a term which has no universal definition 
and therefore cannot be held to an undisputed “correctness.” Nevertheless, the NBR was shown by 
Key and Benson (2004) to produce a greater accuracy than the NDVI in their study of the Red 
Bench Fire in Montana. More interestingly, the NBR held this greater degree of accuracy over the 
course of all four seasons, and especially during the spring. The NBR index is based upon the 
notion that in forested areas, the post-fire reflectance is decreased in the NIR due to the removal of 
green vegetation. At the same time, MIR reflectance increases as a result of drying of the burned 
area. The NBR index is written as follows: 
NBR=    (TM4-TM7) 
 (TM4+TM7) 
                        Equation 2. Normalized Burn Ratio (NBR) 
 
 where TM 4 and 7 are Landsat Thematic Mapper (or ETM+) bands four and seven. As with 
NDVI, this band ratio can then be differenced between pre and post-fire imagery to provide a tool 
to map the burn scar. The differenced Normalized Burn Ratio (dNBR) provides the analyst a 
floating point image with theoretical values ranging from -2 to 2. These values are hypothesized to 
give a rating of burn severity on the burned area’s response to the fire. In forested areas, a strong 
positive value in the NBR is expected with the removal of vegetation, but a negative reaction may 
be possible in a grassy community due to the quick response of vigorously repopulating grasses 
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(Key and Benson, 2004). The NBR and dNBR have not at this time undergone a known critical 
review but have been successful in several burn scar mapping studies. They have been 
implemented by the NPS, USFS, and USGS as reliable measures of fire extent and severity, and 
are now the primary method utilized when mapping large remote fires which occur on public lands 
(Cocke et al., 2005). It should be noted that while dNBR may be effective in measuring fire extent, 
the capabilities of the index are subject to temporal limitations. Fuller and Fulk (2001) found errors 
in the delineation of burned and unburned areas in Indonesia due to altered reflectance caused by 
vegetation re-growth. Thus, if burned area perimeter mapping is the goal, images should be 
acquired within one growing season after the fire (White et al. 1996). Cocke et al. (2005) found 
this scenario to hold true in Arizona, especially when dealing with burned meadow areas. The 
dNBR also exhibits problems when dealing with drought situations. Key and Benson (2004) note 
that because the index uses two bands that are sensitive to vegetation and soil moisture, burned 




Chapter 3. Study Area 
The Sabine National Wildlife Refuge is made up of nearly 125,000 acres of various marsh 
types, water bodies, and coastal grasses. The area is located on the Louisiana- Texas border, just 
southwest of Lake Charles. Managed by the United States Fish and Wildlife Service (USFWS), the 
refuge played host to 300,000 visitors annually prior to being closed to the public due to Hurricane 
Rita. The unit’s main attractions are its natural residents. Visitors come to enjoy numerous types of 
wildlife in their natural environment. Alligators, birds (both local and migratory), and fish are 
popular attractions as are fur bearing mammals. Fishing, birding, and hunting are common 
practices within the refuge (USFWS, 2005). The refuge location is shown, along with key facts 
about its use in Figure 1. A subset of the Landsat imagery encompassing the Sabine NWR and all 
areas within two miles of the refuge border was used for the study  
(Figure 2). 
A majority of the refuge is comprised of intermediate marshes and waterways. Within the 
refuge however lies a large freshwater marsh impoundment enclosed by manmade levees 
approximately six feet in height (Figure 3). It should be noted that the entire area was historically 
comprised of fresh marsh, but this ecosystem has gradually been replaced by a system with higher 
salinity content and therefore a vegetation community with a tolerance for the salty water. This 
anthropogenic incarceration of fresh marsh is the last remaining holdout of the area’s natural 
makeup. 
Land managers within the Sabine NWR have used fire extensively to preserve the natural 
ecosystem of the unit. Natural fires are common due to lightning strikes, but are sometimes 
combated as unit managers prefer to use prescribed burning to maintain an active fire regime. Fire 












Figure 2. Sabine NWR Study Area, 2 Mile Buffer of Refuge Boundary, Landsat TM 

















Sabine NWR Freshwater Marsh Impoundment
 
Figure 3. Sabine NWR Salinity Levels, The yellow polygon in the center of the refuge 




Migratory ducks and geese prefer the tender, young shoots of fresh vegetation to the fully 
grown grasses. After the initial vegetation removal associated with a wildland fire, new grasses 
quickly begin to repopulate the marsh. The first species to make an appearance is the Saltmarsh 
Bulrush or Scirpus olneyi. This species is a pioneer grass and is relatively quickly out competed by 
Spartina patens in ecosystems where fire is excluded. It is the Bulrush that the waterfowl prefer. 
Land managers have long been using late fall and early winter burns to stimulate re-growth of 
bulrush during the waterfowl’s spring migration (Nyman and Chabreck, 1995). Chabreck (1981) 
states that fires occurring in the fall months are beneficial to S. olneyi, while spring burns tend to 
result in a marsh dominated by S. patens. 
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Chapter 4. Data Set 
 
As a primarily remote sensing study, the main data set used consisted of a library of 
satellite imagery. Numerous Landsat 5 Thematic Mapper (TM) and Landsat 7 Enhanced Thematic 
Mapper Plus (ETM+) were acquired from several sources. The University of Maryland Global 
Land Cover Facility (GLCF) operates an internet data clearinghouse found at: 
http://www.landcover.org. Downloaded imagery from this site was the primary source of satellite 
data. The site provides FTP download access to thousands of Landsat scenes, free of charge. The 
scenes offered by the GLCF are single band files in .tif format. These individual bands were 
subsequently “stacked” in Erdas Imagine 8.7 to create multi-band image files. Scene dates for all 
imagery obtained can be found in Table 2. The Landsat scene which captures the study area is 
World Reference System 2 (WRS 2) Path 24 Row 39 (Figure 4).  
Table 2. Data Set Image Acquisition Dates, Platform, Sensor, Source 
 
Image Date Platform/ Sensor Source 
10/23/1999                                       Landsat 5 TM GLCF 
11/16/1999                                       Landsat 7 ETM+     GLCF 
12/10/1999                                       Landsat 5 TM GLCF 
2/28/2000                                         Landsat 5 TM GLCF 
4/08/2000                                         Landsat 7 ETM+ GLCF 
4/24/2000                                         Landsat 7 ETM+ GLCF 
8/30/2000                                         Landsat 7 ETM+ GLCF 
10/17/2000                                       Landsat 7 ETM+ LSU CSI 
 
High resolution aerial photography of the area was used for supplementary “ground truthing” 
of the fire events in light of the historical nature of the burn scars being studied. Four sets of one 
meter resolution air photos are available for the refuge. The 1998 and 2004 Digital Ortho Quarter 




Figure 4. Sabine NWR Boundary, Landsat WRS2 Path 24 Row 39, (Sources:             
http.landsat.usgs.gov, LaGIS CD Vol. 2) 
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clearinghouse website http//.atlas.lsu.edu. These files are available in Mr. Sid and JPEG 2000 
format. The DOQQs utilized can be found in Table 3.  
 
Table 3. DOQQ Images, Quad Name, Dates, Scale, File Format, Quarter Quad 
Number, (Source: http.atlas.lsu.edu) 
Quad Name Dates Resolution/ 
Scale 















































































































































































The USGS operated http//.lacoast.gov provides the public with coast-wide aerial photography 
acquired in 2001. These color infrared photographs have been scanned into .jpg format and are not 
georeferenced and therefore must be geometrically corrected using Erdas Imagine image 
processing software. The photographs which cover the study area are found in Table 4. 
Table 4. USGS 2001 Scanned Air Photos, Frame Number, Date, Resolution, (Source: 
http.lacoast.gov) 
 









































Ancillary data for fire events within the refuge consist of documentation of all fire events 
which have been responded to by the unit’s fire management crews. Available from 
http://famweb.nwcg.gov/, this catalog provides information on fire name, discovery date, subtype, 
ignition cause, size and location (Appendix 1). These data were converted into a shapefile in order 
to display the fire locations and attribute information associated with each fire event (Figure 5).  
At this point it should be noted that the best dataset available with a temporal continuity 
suitable for this study consists of imagery obtained over the 1999-2000 fire season and the 
subsequent spring after the burning period. During the spring and summer of 2000, the Gulf Coast 
region including southwestern Louisiana experienced a prolonged drought event (Figure 6). 
Precipitation levels were far lower than normal during this time span. Therefore, the phenological 
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behavior of the vegetation communities may not be representative of typical scenarios. This 
climatic anomaly does however present an opportunity to study plant reaction to fire during an 
atypical growing season. The drought also no doubt played a role in allowing for cloud free image 








Figure 5. Sabine NWR Fire Events Responded to by unit Fire Crews, Sample of Fire 





Figure 6. Palmer Drought Index May 2000, Louisiana Experiences Extreme Drought 








Chapter 5. Methodology 
5.1 Image Preprocessing 
 
As stated earlier, individual image band files obtained from the Global Land Cover Facility 
(GLCF) were stacked using the layer stack function in Erdas Imagine 8.7 to create a multi-band 
image file. Scenes acquired from other data sources were presented in this way from the source. 
All files were subset to an area which encompasses the Sabine NWR boundary plus a two mile 
buffer of the refuge. In order to determine the study area, the shapefile for the refuge was buffered 
to a two mile distance using ArcGIS 9.0, and then converted to an Imagine Area of Interest (AOI), 
which was utilized to extract the study area from the full scene. 
When comparing images from different acquisition times, it is necessary to correct for natural 
fluctuations in the Earth’s orbit and the image’s relational aspect to the sun. Before any image 
enhancement techniques are performed, adjustments must made to the raw digital numbers (DNs). 
These values, as they appear in raw Landsat imagery, do not reflect the effects of the elliptical 
orbit of the Earth around the sun. In addition to orbital fluctuations, adjustments must be made to 
account for the ever changing solar illumination. DNs must be scaled to an “at sensor” reflectance 
value to account for variations in atmospheric conditions and solar illumination fluctuations. In 
processing the raw image through a reflectance model, much of this atmospheric noise can be 
normalized to facilitate valid multi-temporal image comparison (Campbell, 2002; NASA, 2006). 
The image files were processed through a radiance/reflectance model written by DeWitt Braud, 
LSU Coastal Studies Institute, in accordance with USGS calibration parameters to achieve 
properly adjusted pixel values (Chander and Markham, 2003). The images obtained from the 
GLCF for the dates of October 23, 1999, December 10, 1999 and February 28, 2000 were level 1G 
processed; a product which is delivered to the user geometrically and radiometrically corrected, 
31 
 
and therefore were only run through the reflectance portion of the model. Images corrected to “at 
sensor” reflectance were used exclusively for all image derived products. A full explanation of the 
radiance and reflectance calibrations can be found at the Landsat Data User’s Science Handbook 
(http://landsathandbook.gsfc.nasa.gov/handbook.html). 
5.2 Class Definitions 
 
The first step in this process was to determine an appropriate classification scheme. Due to the 
number of images being processed, a semi-automated methodology was more desirable than a 
traditional supervised or unsupervised classification scheme. Three classes of landcover were of 
interest when producing a burn scar map of the marshlands. These classes include and are limited 
to unburned land, water, and burned land. The land and water classes were determined separately 
from the burned area and then combined in an overlay operation. 
5.3 Burn Pixel Extraction 
 
As stated in the literature review, numerous methods have been used to identify burned versus 
unburned pixels in a scene. In this study, several of the proposed methods were attempted and 
tested against one another to determine the most useful method for burned area extraction in south 
Louisiana. Both single image and multi-date methods were used and compared. These semi-
automated methods were then compared to a manually created burn scar map (which is assumed to 
be “ideal”) for verification. Manually producing the burn scar map is an extremely tedious and 
time consuming ordeal. Although handmade fire scar outlines were created for this project their 
construction is unrealistic for day to day management practices. The need for the development of a 
generalized burn scar extraction method is readily apparent when the arduous task of manually 




5.4 Land/Water Interface 
 
The first image processing to take place was the creation of a land/water interface mask. This 
process is extremely important in a study such as this because in many classifications schemes 
burned areas are often confused with water due to their low reflectance of visible light and 
extremely low infrared reflectance. The land/water mask must be very accurate because it will be 
used to define land-only subsets of the scene so that confusion between water and burned areas 
does not hamper later processes. Because the development of a simple, effective method of burn 
scar mapping is one aspect of this study, the simplicity of a Landsat band five level slice was 
chosen over a more complex band ratio or other classification scheme. Landsat band five 
represents the mid-infrared (MIR) portion of the electromagnetic spectrum (EMS). This 
wavelength is heavily absorbed by water and is therefore often utilized in land/water delineations. 
The scene to be classified into the two classes, land or water, was displayed in a band five linear 
grey scale. Using the level slice function in Imagine, a threshold point in the histogram between 
land and water was determined. This value would then be used to demarcate the distinction 
between the two classes. Pixels with a reflectance value over the threshold value were coded to 
land and pixels with a lower value coded as water. The resulting land/water thematic image was 
then verified against the Landsat image and aerial photography. It should be noted that areas of 
recent fire events must be closely verified to eliminate potential confusion between burned area 
and water. 
5.5 Single Image Normalized Burn Ratio (NBR) Analysis 
In an attempt to classify burned areas from a single Landsat image, without a pre-fire reference 
point, the Normalized Burn Ratio (NBR) was applied to the October 23, 1999 scene in order to 
exploit pixels that showed a low return in band four and a relatively high return in band seven. The 
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NBR model was run using the image subset and NBR values generated for each pixel. In a grey 
scale display of the image, the level slice function was used to manipulate the image while 
comparing the identified pixels to the 7,4,2 image display to identify burned areas. A threshold 
was established such that pixels with a value of zero or less were identified as burned. This range 
of values did not account for all pixels within the plainly visible burn scars, but including pixels 
with a value of greater than zero led to an abundance of pixels outside the burn scars being 
identified as burned. The image was recoded to a thematic representation reflecting the 
identification as burned or unburned. The burned areas were then clumped using an 8-neighbor 
rule and sieved to a minimum size of 25 acres so that only relatively large groups of burned pixels 
were identified. It was felt that the risk of eliminating legitimate burned pixels was warranted in 
order to concentrate on large burned areas that could be more easily verified as either burn scars or 
otherwise. The resulting image was then run through an overlay function to combine the burned 
area class with the land/water thematic image. The process is outlined in Figure 7. Within the 
overlay parameters, burned pixels were set to dominate land, and water pixels to dominate over all 
others. This in turn yields an image which shows unburned land, burned area, and water (Figure 8). 
The process was again applied to the winter imagery with all steps being repeated on the February 
28, 2000 image (Figure 9). 
5.6 Single Image Normalized Difference Vegetation Index (NDVI) 
 
The second single scene technique tested was a simple NDVI processed in much the same 
manner as the NBR. Often when interpreting an NDVI image, pixels with a value of zero or less 
can be attributed to water or clouds. However, in a burned area fire-affected pixels also quite often 
have an extremely low or slightly negative value because of the spectral signature of the burn scar 
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Figure 8. A-October 23, 1999 NBR derived burn scar map, B-Landsat bands 7,4,2 






Figure 9. A-February 28, 2000 NBR derived burn scar map, B-Landsat TM bands 




land/water mask to separate the land class out of the NDVI before attempting to determine a 
threshold value at which pixels can be identified as burned. After sub setting the image to land 
only areas, the NDVI image was, like the NBR, displayed in as a grey scale display. The level slice 
function was again used to separate burned and unburned areas and compared to the 7,4,2 image 
display. A threshold value of 0.25 and lower on a floating point scale of -1 to 1 was identified as 
being a promising value to separate burned from unburned areas. The threshold value of 0.25 
represents the pixels within the scene that have the lowest NDVI values, and therefore least 
vegetative vigor. Values over the 0.25 threshold were present within the burn scars in small 
amounts, but were abundant in unburned areas. The pixels below the threshold, having been 
affected to varying degrees by the fire event, show a much lower reflectance in Landsat band four. 
It may be expected that these burn scars would show an increase in band three due to the 
destruction of green vegetation (a large absorber of the red wavelength), but this was found to be 
untrue, possibly due to the blackened charcoal left behind after the fire. Charcoal, due to its dark 
color, heavily absorbs EM energy at all visible wavelengths and therefore, immediately after the 
fire event the burn scar shows a reduction in all visible bands (see Appendix 2). The resulting 
image was as before, clumped and sieved to a 25 acre minimum size, recoded and overlaid with 
the previously generated land water mask to create a land, water, and burn scar map, see Figure 10 
for a flow chart of the process. The composite map was then run through a 3x3 majority filter 
applied only to the fire pixel class in order to eliminate speckle due to slight imperfections in the 
land/water mask which led to small ponds and shorelines being identified as burned pixels due to 
their low NDVI values (Figure 11).  
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5.7 Multi-temporal Analysis 
As seen in the literature review, multi-temporal studies are often more reliable than single 
image approaches because they give the analyst a reference point to which the post-fire image can 
be compared for change detection purposes and add an additional dimension to the data set. This 
being said, multi-temporal variations of the band ratios were employed to extract fire pixels within 
the imagery. The multi-temporal method, it was assumed, would reduce effects of vegetative 
phenology changes and establish a more reliable product, at the expense of more image acquisition 
and processing costs. 
5.8 Image Differenced NBR (dNBR) 
 
As stated in the literature review, differenced NBR or dNBR is the accepted standard 
among federal land management agencies for mapping and monitoring fire affected areas. 
Most of the areas analyzed using this technique however lie in the forested regions of the 
American West. This method has not, to the author’s knowledge, been utilized in the study 
of marsh or grassland fire. To generate dNBR values for each pixel, the NBR image for 
each post-fire acquisition date was simply subtracted from the NBR of the image acquired 
most recently before the fire events in question. The dNBR is written as: 
                    dNBR= (Pre-FireNBR ) - (Post-Fire NBR ) 
  Equation 3. Differenced Normalized Burn Ratio (dNBR)  
 
A high value in the dNBR image is indicative of a fire affected area, while stable areas 
fall out at a value near zero. Pixel values with a strong negative value theoretically 
represent an area of renewed vigor due to the positive effects of fire (Key and Benson, 
2004). In the case of the Fall imagery sequence, images from October 23, 1999 and 
November 16, 1999 were processed through the NBR model and then differenced. The 







































































Figure 11. October 23, 1999 NDVI derived burn scar map shown with the Landsat 
TM image from which it was derived bands 7,4,2 RGB (Image source: GLCF) 
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resulting dNBR image was thresholded at a value of 0.03 based on a procedure identical to 
the single date methods outlined above. Pixels with a value greater than the threshold value 
were classified as fire pixels and those falling below the number were deemed unaffected. 
The reclassified thematic image was then sieved and overlaid with the land water mask to 
create a burn scar image (Figure 12). A flow chart demonstrating this technique as well as 
the following differenced NDVI method is found in Figure 13. This process was repeated 
for the Winter burn scenes. Imagery from December 10, 1999 was differenced with the 
February 28, 2000 scene capture (Figure 14). 
5.9 Image Differenced Normalized Difference Vegetation Index (dNDVI) 
 
In a procedure much the same as the dNBR technique, differenced NDVI images were also 
created. The differenced image provides a measure of change in NDVI between the two scenes.  
The post-fire NDVI image was simply subtracted from the pre-fire NDVI to create the dNDVI 
image: 
                            dNDVI= (Pre-FireNDVI ) - (Post-Fire NDVI ) 
 Equation 4. Differenced Normalized Difference Vegetation Index (dNDVI) 
 
Areas with a strongly positive value indicate a reduction in NDVI and therefore a loss 
of vegetative vigor. This scenario would be consistent with a fire event. On the other hand 
a negative dNDVI value would be indicative of an increase in vegetation health. The 
dNDVI yields an image with a theoretical range of -2 to 2 with 2 being the utmost possible 
reduction in vegetation health. NDVI images from October 23, 1999 and November 16, 
1999 were differenced to create a dNDVI image. After visually comparing each value of 
the differenced image to the 7,4,2 display, a value of 0.03 was established as the threshold 
between fire affected pixels and unaffected areas. These fire pixels were extracted, sieved 
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and overlaid onto the land water mask creating yet another land, water, and fire image 
(Figure 15). Again this procedure was repeated for the Winter burn scenes. The NDVI 
image from December 10, 1999 was differenced with the February 28, 2000 NDVI to 










Figure 12. October 23, 1999 and November 16, 1999 differenced NBR derived burn 
scar map shown with the Landsat TM image from which it was derived bands 7,4,2 










































Figure 13. Flow chart demonstrating the pre-fire and post-fire image differencing 
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Figure 14.December 10, 1999 and February 28, 2000 differenced NBR derived burn 
scar map shown with the Landsat TM image from which it was derived bands 7,4,2 






Figure 15. October 23, 1999 and November 16, 1999 differenced NDVI derived burn 
scar map shown with the Landsat TM image from which it was derived bands 7,4,2 




Figure 16. December 10, 1999 and February 28, 2000 differenced NDVI derived burn 
scar map shown with the Landsat TM image from which it was derived bands 7,4,2 




Chapter 6. Historical Fire Map 
 
One aspect of this work was to gain a better understanding of the overall fire regime of the 
refuge and immediate surrounding area. The burn scar maps developed show a snapshot in time of 
the fire activity at a particular time, but not the overall picture. A combination of all individual fire 
maps was therefore pieced together. The completed burn scar maps were indexed atop one another 
to create a composite map of all fire activity documented within the image dates of the dataset. 
Differences in land and water interface areas were ignored in order to concentrate on burned areas. 
The burned area classes within each thematic burn map were added together, creating a map of 
land, water, and burned land as seen in Figure 17. 
An interesting pattern can be seen when the study period fires are viewed in a single image. 
The interior areas of the refuge are largely unaffected by fire. Most fire events occur along the 
Northern, Western, and Southern edges of the study area. The areas of the unit which show little or 
no signs of fire also appear to be much more fragmented landscapes. These areas can be described 
as broken and ponded marsh as opposed to the edges of the refuge which are largely contiguous 
tracts of unbroken land. This may suggest that a threshold of fragmentation may exist beyond 
which point fire cannot be sustained due to the broken nature of the marsh. The implications of an 






Figure 17. Composite Burn Scar Map of NDVI and dNDVI Methods, October 1999 












Chapter 7. Post-Fire Vegetative Response 
 
After completing the historical map of the general fire regime, a post-fire vegetative health 
study was the next avenue of research. One major research question was the issue of seasonality 
when prescribing marsh burns. In order to assess this topic, the NDVI was used to gain an insight 
into the vegetative response to fire. It was theorized that fires which burned at the end of the 
growing season would consume more vegetative matter and therefore have a longer lasting impact 
on the area than would a fire burning over the dormant winter season. 
7.1 Study Fires 
 
Three fires from each of the two seasons in question were chosen to investigate in more detail. 
Autumn burns with ignition dates ranging from late October through mid-November were 
compared to winter burns which occurred between mid-December and February. Three control 
areas which were unaffected by fire were also compared to give a reference point for comparison. 
All six study fires, as well as the three unburned control plots were outlined using a vector Area of 
Interest (AOI) so that pixel values and spectral signatures could be extracted and evaluated. These 
fires were mapped and analyzed over time so that an insight about the role of seasonality in marsh 
fire management could be developed. Due to the data available within the scope of this research, 
the fires of the 1999 and 2000 prescribed burning season were selected for the research. 
7.2 Fall Burns 
 
Of the fires which burned during late 1999, the areas selected for closer review were the Gray, 
Duck, and Fiasco fires. Information on these fires was found in the FWS fire incident records as 
shown in Appendix 1. The Gray fire was discovered on October 24, 1999. The fire was estimated 
to be 5,320 acres in size and centered at 29.94۫° N and -93.75° W. The fire occurred along Pine’s 
Ridge, an upland ridge which runs through the Northwest corner of the refuge. The Duck fire was 
51 
 
also discovered burning at approximately 29.85°N and -93.56° W on October 24, 1999 and burned 
1,950 acres. The Fiasco fire, a smaller fire at 500 acres was discovered on November 4, 1999 along 
the southern boundary of the refuge at about 29.85° N and -93.74° W. These fire incidents are 
shown in Figure 18.  A pre-fire image from October 23, 1999 served as the reference point for the 
initial vegetative health. The scene acquisition from November 16, 1999 provides a timely look at 
the areas soon after the fire events.  According to FWS records, all three burns used in the 
comparison originated as controlled burns which exceeded the acreage allotted in the prescription. 
7.3 Winter Burns 
  Three fires occurring during the dormant season were also chosen for a closer study. 
Shown in Figure 19, these fires are the Old North fire, Eclipse fire, and an undocumented private 
land fire. The Old North fire burned in an area quite near the Duck fire at 29.87° N and -93.62° W. 
It was documented as having a discovery date of January 24, 2000 and burned approximately 
1,200 acres. The Eclipse fire was a small 360 acre fire which burned on January 20, 2000 at or 
about 29.85° N and -93.46° W. The third fire chosen for fall versus winter burn comparison was an 
undocumented fire occurring on the Northern border of the refuge on private lands. The last fire, 
because it was not a refuge managed event, has no documented start date, size, or cause attributes 
associated. The fire does however provide an excellent example of a large scale mid-winter burn, 
and therefore was chosen for the study. Due to the lack of an official name, this fire will be 
henceforth identified as “2/28”, as this is the first image within the dataset that shows the fire. The 
fire was centered at approximately 29.97° N and -93.65° W. A Landsat image acquired on 
December 10, 1999 was used as the pre-fire reference image and differenced with an image from 
February 28, 2000 in order to identify the burn scars. The two winter burns which have associated 




Figure 18. Fall burn study fires, Duck, Fiasco, Gray Fires shown in November 16,1999 
Landsat image bands 7,4,2 RGB, fire scars are not present in lower image acquired on 





Figure 19. Winter burn study fires, Old North, Eclipse, “2/28”  fires shown in February, 28, 
2000 Landsat image bands 7,4,2 RGB, fire scars are not present in lower image acquired on 





In an attempt to quantify the overall vegetative health of the affected area, a mean NDVI value 
was used as a scale by which the plant health could be estimated. As stated in the literature review, 
NDVI has been used extensively in remote sensing studies for this purpose with proven results. 
Fire scar outlines were obtained via a combined method involving a dNDVI image and manual 
digitizing. The fire scars were first identified with the dNDVI and then more precisely outlined 
manually to ensure that all fire affected pixels were included without altering the overall extent of 
the burn. Control areas were then identified near the burn sites and extracted as unburned control 
sites. These sites were investigated over time to ensure they had not experienced a recent burn or a 
fire event within the temporal sequence of the Landsat imagery being used. Mean NDVI statistics 
were then calculated on each burn scar and control area for images listed in the dataset. These 
mean NDVI values give an overall estimation of the health of the area and the effects the fire event 
may have. When plotted over time, these values should, theoretically show whether fires occurring 
in the Fall have an effect on the vegetation which is somewhat different from the effect of dormant 
season fires. It would be expected that mean NDVI values would begin a slow decline at the end of 
the growing season, followed by an extended period of low values over the dormant season. This 
trend would then reverse at the onset of Spring with a rapid rise during the “green up.” This 
scenario is of course in the absence of a fire event, in which case an extreme drop in NDVI as 
compared to the control area would be expected. The pattern of interest for this study was the 
fluctuation in NDVI values during the spring and summer for areas burned during the fall versus 
the winter. The pattern of disturbance followed by regeneration was followed for approximately 
one year, from late October 1999 to mid-October 2000. 
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The images were also processed through the TCAP transformation to examine the spectral 
response to fire, as seen through the very interpretable TCAP outputs. The same burn scar AOIs 
were used to extract the mean TCAP values for each scene. These means were then plotted over 
time, again to assist in the understanding of the effects of fire. 
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Chapter 8. Results 
8.1 Burn Scar Maps 
 
Due to the historical nature of the burn scars being mapped, in situ ground truthing and 
verification is not a realistic possibility. To complicate the issue of validation, no aerial 
photography of the year in question is available. Therefore, the Landsat images themselves were 
used to assess the accuracy of the burn scar extraction techniques. While this is obviously not the 
ideal method for verification, it is felt that, despite the 30m pixel resolution, an accurate portrayal 
of burn scars can be created by manually digitizing visible burned areas on screen. To test the 
feasibility of this method, an aerial photograph taken on February 10, 2001 was used to create a 
thematic burn scar map of a large fire which burned just north of the refuge boundary. This same 
fire, visible in a Landsat TM image from January 1, 2001, was manually digitized from the 7,4,2 
visible display. These two images were then put into a matrix to analyze the differences between 
the two data sources (Figure 20). The two procedures agreed on 1,846 burned pixels. The Landsat 
TM image derived map overestimated the burn scar by 67 pixels or about 13 acres, and 
underestimated by 114 pixels. This gives the burn scar map manually digitized from the Landsat 
TM image a 91% accuracy rating (in burned area class) when compared to a similar map created 
from high resolution (3m) aerial photography. Therefore it is felt that manually digitizing burn 
scars from Landsat TM imagery displayed in the 7,4,2 band combination is suitable for validating 
the semi-automated burn scar mapping procedures utilized in this study.  
In order to begin the burn scar mapping process, the first image produced was a single 
image derived land, water, and burned area map. The October 23, 1999 image was  
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Matrix of 2001 Air Photo and TM Manually Digitized Burn Scar
2001 Air Photo 1/05/2001 TM Image 7,4,2




Air photo derived burn scar map 
identified 1,913 burned pixels.
TM method agreed with 1,846
of these pixels, but overestimated
114 pixels and missed 67 valid pixels.
 
Figure 20. Manually Digitized Burn Scar Outline, TM based Outline Matrixed with 





processed as outlined previously in the methodology section. This burn scar map was checked 
against a burn scar map created by manually digitizing the readily apparent burned areas, as seen 
in the Landsat 7,4,2 RGB display. The two images were then matrixed together in order to 
facilitate a pixel to pixel comparison of image accuracy. A two by two confusion matrix was 
created so that the accuracy could be quantified. Assessments of the contingency tables for all 
classifications show a percent correct figure near 100. This is, of course, an inaccurate measure of 
success when the entire scope of the classification is addressed. The classification scheme looks to 
place all pixels across a large geographic region into three classes. The smallest and most variable 
of these classes will be the burned area. This class comprises only about 10% of the scene and 
therefore correctly assigning land and water pixels will bias this metric far too much to make it 
useful. Instead, the Kappa statistic, as introduced by Cohen (1960) will be used to assess the 
accuracy of each classification. The NDVI derived image agreed with 56% of the fire pixels 
identified in the manual map, yielding a Kappa of 32% as seen in Table 5. That is to say this 
method is 32% more likely to assign pixels to their correct class than would a random assignment 
of the pixels. This percentage seems low, but it is important to note the vast size of the area and 
small number of classes when interpreting the Kappa figure. However, the NDVI method severely 
overestimated the overall number of fire pixels. Much of this overestimation lies at the Eastern 
edge of the refuge along the shoreline of Lake Calcasieu at Hog Island. It is unclear as to the 
reason behind the low NDVI values, but it appears as though the area is highly variable in terms of 
water levels, and may be due to non-vegetated ground being exposed due to low water levels. 
Other possible causes for the overestimation include small patches of unhealthy vegetation and 






 The NBR derived burn map fell slightly shorter in the fire agreement matrix at only 34% 
agreement, but did not overestimate the fire by such a significant margin. The Kappa for this 
method was just slightly higher than the NDVI method at 33% (Table 6). Interestingly the NBR 
method shows fire pixel overestimation in areas of land that has been cleared for agricultural or 
pasture. This is of course due to the similarities in the spectral reflectance of a vegetated area 
which has been cleared by fire or some other means such as harvest. 
The multi-temporal methods did show a marked improvement over the single date 
procedures. The October 23 and November 16, 1999 dNDVI derived fire map agreed with 71% of 
all fire pixels. There were 24,482 pixels incorrectly identified, of which overestimated burned 
areas accounted for 53% of this disagreement. The 68% Kappa, as shown in Table 7, was 
significantly improved over single date images. Much of the overestimation can, however be 
attributed to the method incorrectly identifying senescent vegetation within the freshwater marsh 
impoundment as burned area due to the natural drop in vegetation vigor as the growing season 
draws to a close. Burned area underestimation can be attributed for the most part to interior burn 
pixels which may have been only lightly burned and therefore not subject to large decreases in 
NDVI. 
The dNBR image generated from the same image sequence yielded a fire pixel agreement 
of approximately 67%, or 26,671 pixels classified as fire affected in both the manual and dNBR 
images.  The results from this classification can be found in Table 8. In this approach 23,864 pixels 
were misidentified. Of the disagreement, 10,612 were due to overestimation in the process and 













derived burn scar map, most of the overestimation comes from the freshwater marsh 
impoundment. This is explained again, by a change in phenology rather than a fire event. The final 
output of this method showed remarkable similarities to the dNDVI method with a Kappa of 68%. 
When investigating the accuracy of the multi-temporal methods with winter imagery, it was 
found that again, the dNDVI method held a higher agreement percentage with the manually 
digitized reference map. When comparing the two methods as applied to the December 10, 1999 
and February 28, 2000 images, the dNDVI matched 80% of the 34,128 fire pixels as opposed to 
52% with the dNBR method. The dNDVI method scored a 66% Kappa whereas the dNBR scheme 
registered a much lower Kappa of 41%. Again, both methods heavily overestimated the extent of 
fire events. The dNDVI map identified 19,293 pixels which were classified as land in the manual 
image. The dNBR method had 28,970 pixels misidentified in this way. The dNBR also fell short in 
the errors of omission as it underestimated fires by 16,338 pixels, while the dNDVI only 
underestimated by 6,548 pixels (Tables 9 and 10). 
The winter imagery provided insight into the shortcomings of the single scene NBR 
method. When applied to the 2/28/00 scene the NBR derived map yielded a burned pixel 
overestimation of an astounding 50,721 pixels. The Kappa associated with the single winter image 
NBR method was the lowest of any classification at 24% (Table 11). Once again this large amount 
of misclassification can be attributed mainly to being in the fresh marsh zone. In this case the 
misclassification not due to vegetation changing phenological cycles, but related more to the 
spectral properties of senesced vegetation. In other words after the fresh marsh vegetation has gone 
dormant, it has a signature that is low in Landsat band 4 due to a low NIR reflectance from 













method did correctly identify 42% of burned areas, but this leaves a full 58% of the fire affected 
pixels unidentified. 
8.2 Tasseled Cap Transformation (TCAP) Results  
 
It was expected that burned areas would exhibit certain characteristics that would be clearly 
distinguishable in the TCAP images. As with any fire the fuel load, once consumed, would be left 
in a state ranging from ashes to charcoal to darkened, partially burned material. This charcoal and 
ash would be seen to the sensor as black, i.e. low reflectance in all visible bands. This 
characteristic would therefore be evident as a marked decrease in the TCAP “brightness.” 
Similarly, consumption of live vegetation would lead to a reduction in the second band of the 
TCAP or “Greeness.” It was not clear at the onset of this research what, if any, patterns would 
emerge in the third band of TCAP, the “wetness” band. Both assumptions about the impact of fire 
on the TCAP brightness and greenness bands proved to be true in Fall and Winter images (Figures 
21, 22, 23, 24). All burn scars demonstrated a lower brightness as well as a reduced greenness. 
Figure 25 shows the wetness band for the Fall imagery, the burn scars are distinguishable dark 
areas but the image also shows numerous other areas including the fresh marsh impoundment as an 
extremely dark areas making burned and unburned areas difficult to delineate. The wetness band 
showed little or no interpretable results in burned or unburned areas for the Winter burns (Figure  
26). It can be clearly seen by the overall dark tones across the landscape (excepting of course 
waterbodies) that all areas within the study area are extremely dry at the time of the February 28, 
2000 image. The drought conditions no doubt play a role in handicapping the usefulness of the 




Figure 21. November 16, 1999 TCAP Brightness Band Shows Lower Values (Dark) 




Figure 22. November 16, 1999 TCAP Greeness Band Shows Burned Areas as Clearly 





Figure 23. February 28, 2000 TCAP Brightness band shows burned areas as darker 




Figure 24. February 28, 2000 TCAP Greeness Band shows burn scars as clearly 





Figure 25. November 16, 1999 TCAP Wetness Band shows burned areas as slightly 
darker than unburned areas, but also shows the freshwater marsh impoundment 






Figure 26. February 28, 2000 TCAP Wetness Band shows no interpretable results for 




When mean TCAP values were plotted over time, only the Brightness band showed results 
which were clearly interpretable. Burned areas, as expected showed a marked drop in brightness 
followed by a steady increase (Figure 27). Unburned control areas hold a pattern of Brightness 
which is higher across the study period than that of the burned areas. The greenness band was 
surprisingly difficult to discern. It was assumed that Greeness values would exhibit a sharp 
decrease immediately following a fire event due to the consumption of healthy vegetation.  Figure 
28 however shows that values were somewhat sporadic and difficult to interpret. Values do fall 
after a burn, but the regeneration of Greeness values is neither consistent nor predictable. Judging 
by the patterns associated with the unburned control areas, it is possible that the drought conditions 
played a formidable role in influencing the Greeness as measured by the TCAP. The Wetness band 
remained relatively steady for all study areas both burned and unburned (Figure 29). Burned areas 
appear to carry a slightly less wet profile than do unburned areas but the pattern is not distinct. 
8.3 Fall vs. Winter Burning 
 
As stated in the research question for this study, the relationship between the seasonality of 
the prescribed burn and the subsequent effect on vegetation is of particular interest. The Duck Fire 
resulted in an initial NDVI reduction of 77%. Similarly, the Gray Fire devastated vegetation, 
reducing the associated NDVI value by 81%. The Fiasco Fire was even more destructive than the 
other fall burns, showing an 88% drop in the post-fire NDVI. The unburned control plots yielded 
an average drop of only 27%. These values are displayed in Figure 30. These numbers would 
suggest that fire events, on average were responsible for an NDVI reduction of about 55% when 


























Figure 27. Mean TCAP Brightness values plotted over the study period. Burned areas 
show a decrease in Brightness after the fire events, and all areas decrease in 
Brightness over the dormant period. Yellow lines represent Fall burns, Red are 



























Figure 28. Mean TCAP Greeness values plotted over the study period.  The values do 
not show as clear of a pattern as might be expected. Yellow lines represent Fall burns, 





























Figure 29. Mean TCAP Wetness Values plotted over the study period. Values remain 
fairly constant for all areas burned and unburned. Yellow lines represent Fall burns, 
Red are Winter burns, and Cyan lines are unburned control areas. 
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 winter burns, as would be expected showed an overall lower initial reduction in NDVI. 
This would not necessarily be indicative of less destructive fires, but more likely attributed 
to an overall lower vegetative health, due to the winter dormant season. The Eclipse fire 
showed an overall reduction of 45% in NDVI and the Old North fire similarly was reduced 
by 51%. The undocumented private lands fire however impacted the surrounding 
vegetation more intensely, dropping the mean NDVI value of the fire scar area by 67%. 
When compared to the control plot, which fell by 3% during the interval between the two 
image dates, it is clear that fires have a substantial impact on lowering the NDVI values 
within the study area and the time span between image acquisition dates (Figure 31). As 
illustrated by Figure 32, fall and winter burns demonstrate a different green up cycle 
through the dormant season and into the spring. The fires which burned prior to November 
16, 1999 show an upward trend in vegetative health through the month of February.  This 
green up cycle then reverses and begins to show a rapid decrease in NDVI, presumably due 
to the onset of the drought. On the other hand the dormant season burns exhibit a very 
slight increase in NDVI from November to December. As expected the values drop sharply 
in the February image due to fire. The following green up is not as vigorous as seen in the 
fall burns and tapers off in the month of April. NDVI values for all areas show a slight, 
steady rise during the progression through the summer of 2000. All fire affected areas 
showed an overall decrease in mean NDVI on the anniversary date. The fall burns 
regenerated to an average value which was 46% lower than immediately before the burns. 
The winter fire affected areas also regenerated to a value lower than the previous year, 
averaging an overall decrease in NDVI of 50%. It does not appear that initial fire damage 
(i.e. percent reduction in NDVI immediately after the fire event) is related to the burned 
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area’s ability to recover as measured by the NDVI (R2 =0.0096). The unburned control 
areas faired worse than areas which experienced burns, their average anniversary value was 



























Figure 30.  Mean NDVI values for Fall burns Pre-Fire and immediately Post-Fire. 
Burned areas fell by an average of 0.379 NDVI value points or 82% while the 




























Figure 31. Mean NDVI values for Winter burns Pre-Fire and immediately Post-Fire. 
Values fell by an average of 54% immediately after a fire event; the unburned control 























Figure 32. Mean NDVI values as plotted over the study period. The sudden drops and 
subsequent increases in NDVI values associated with fire events can be seen in both 



































Figure. 33. Mean NDVI values from pre-fire NDVI image October 23, 1999 versus one 
year later, October 17, 2000. Note that all areas show an overall reduction in NDVI 










Chapter 9. Conclusions 
 
The findings of this work have shown the variability associated with several different 
methods of burn scar mapping. Initial results indicate that a multi-temporal approach yields a more 
accurate portrayal of the extent of fire events than does a single image approach. The methods 
investigated here were found to be quite effective in identifying burned scars, but all suffered from 
an overestimation of burned areas. All methods were also burdened by errors of omission in which 
legitimate pixels of burned area were not extracted from the image. Errors in underestimation 
however were not as pronounced as the problems associated with overestimation. Overall, dNDVI 
was the most effective method at classifying the burned and unburned areas. The dNDVI method 
held the highest Kappa statistic in all image sets. The dNBR method was close to the dNDVI 
method in the Fall months, but fell short when applied to Winter imagery. The dNBR method was 
found to be useful, but not as reliable as the dNDVI approach. Both methods were heavily 
influenced by phenological changes in vegetation during the late fall months. The senescence 
within the freshwater marsh impoundment is responsible for a large amount of misclassification.  
The single image NBR method proved to be of little realistic value in mapping winter burns 
due to the gross overestimation of fire scar pixels. The problem is especially apparent within the 
freshmarsh impoundment.  It is presumed that over the winter months the vegetation reflects less 
in the NIR due to the dormant cycle, yet MIR reflectance measured in band 7 remains relatively 
high. This can be seen in Figure 34, where an unburned area of freshmarsh shows a decrease in 
band 4 reflectance and an increase in band 7 due not to fire events but seasonal variation in the 
vegetative state. 
In plotting the mean NDVI values of the six marsh burns studied along with the three 
























Figure 34. Mean Signature plots from an unburned area within the fresh marsh 
impoundment which was identified by the NBR method as a burned area. The mean 
signature taken from the December 10, 1998 image is shown in blue and the February 
28, 2000 signature is red, band four reflectance in reduced and band seven (listed here 
as six due to band seven being subset out) reflectance increases, thus the area is 
identified by the NBR as burned. 
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followed by the subsequent revitalization can be seen. The plots of the fall burns show the rapid 
drop in vegetative cover is reversed sharply as the burned areas begin recovery within weeks after 
the event. These burn scars show a rapid green up despite the onset of the dormant season. The 
post-fire NDVI values peaked (within the dataset) on the February 28, 2000 Landsat image date. 
These plots then begin an unexpected drop, possibly due to drought conditions which gripped 
Louisiana. The conclusions drawn here agree for the most part with Ramsey et al. (2002) in that 
NDVI values of Fall and Winter burns follow a broadly similar pattern of a rapid decrease 
followed by a rapid increase which then levels off. Differences between the two studies arise in the 
relationship between one year anniversary NDVI values and pre-fire values. The drought 
conditions no doubt play a role in the inability for burned areas to recover to pre-fire levels.  
It is important to note the temporal cycle of the green up from a land management 
perspective. Quite often the goose hunting season runs from late January or early February into 
mid-March. As stated earlier, these game birds enjoy the fresh tender shoots of  S. olneyi which 
immediately repopulate a burned area; therefore burn timing is essential when drafting a 
management plan that has waterfowl hunting as a concern. The mid winter burns, on the other 
hand show a steady decrease in NDVI until they experience a fire at some point between the 
December and February images, after which the burned marsh begins its green up cycle. This rise 
in NDVI coincides with the goose hunting season dates typically set for the early spring. The 
NDVI however, does not distinguish between vegetation types, and therefore cannot be used to 
monitor which vegetation subtypes make up the plant community.  
Overall, the fall and winter burns recovered from initial fire damage and rebounded to 
levels which were not significantly different from one another. The unburned control plots were 
found to be much less healthy after one year of monitoring. It seems that in the context of this 
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study, overall vegetative health in the Fall was unaffected by seasonality of the burn. There was 
variability in the state of the plant species over the course of the year however. Therefore, 
depending on the management goals, seasonality may play a role in the decision of when to burn. 
       This paper has shown that Landsat TM and ETM+ imagery can be used for burn scar mapping 
and monitoring in the Sabine NWR and likely other areas of coastal Louisiana, provided the data is 
available. This availability may be the most limiting factor in mapping Louisiana marsh fires. 
Technical problems with the sensors as well as the high percentage of cloud cover associated with 
the Louisiana coast may combine to make such a study impossible. This work has also shown that 
image differenced indices do show a strong potential for quick, efficient burn scar mapping in the 
Louisiana coastal zone. The NBR, although it has gained a large following in national land 
management agencies, proved to be useful, but not superior for the application. Overall, Landsat 
imagery has proved to be useful for large scale, generalized burn scar mapping but should be used 
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Appendix  1.  USFWS Documented Fire Events Responded to by Unit 






Fire Name Number Fire subtype 
Ignition 
Cause Date Latitude Longitude Acres 
S.BOUNDARY 4012 15 5 10/26/1998 29.83 -93.49 250 
STORM 4024 11 1 6/21/2001 29.95 -93.40 2062 
SISTERS A 4042 11 1 6/29/2001 29.85 -93.46 5706 
SISTERS B 4043 11 1 6/27/2001 29.95 -93.50 7000 
SISTERS C 4044 11 1 6/29/2001 29.91 -93.71 130 
JOEY 4046 11 1 7/1/2001 29.91 -93.50 2 
JULY 4TH 4052 11 1 7/4/2001 85.48 -93.40 15 
CALCASIEU 4063 11 1 7/6/2001 29.96 -93.40 1 
ALLY 4064 11 1 7/8/2001 29.93 -93.48 250 
HOLLYWOOD 4070 11 1 7/16/1995 29.85 -93.45 65 
BURTONCANL 4077 11 1 8/15/1995 29.90 -93.66 3 
BLACK BAY 4089 11 4 12/30/1998 29.98 -93.75 1500 
3M TOWER 4108 11 1 9/20/1995 29.97 -93.70 10 
MIAMI 4120 11 1 5/21/1997 29.86 -93.50 850 
SOUTH 4135 11 6 5/22/1997 29.83 -93.54 0 
BUCK 4136 11 6 6/1/1997 29.94 -93.72 1 
REGAN 4158 11 1 6/25/1997 29.96 -93.53 5 
NORTH 4159 11 1 6/25/1997 29.96 -93.54 3 
CASEY 4161 11 1 6/26/1997 29.91 -93.49 700 
FINE 4162 11 1 6/26/1997 29.92 -93.53 5 
BEACH 4163 11 1 6/26/1997 29.83 -93.51 3 
WILL FIRE 4170 11 5 7/4/1997 29.88 -93.45 100 
CHRIS FIRE 4171 11 5 7/4/1997 29.84 -93.52 250 
FIREWORKS 4172 11 9 7/5/1997 29.91 -93.40 0 
FIREWORKS2 4173 11 9 7/5/1997 29.91 -93.36 0 
HOME 4174 11 1 7/5/1997 29.93 -93.40 100 
HOLIDAY 4175 11 1 7/5/1997 29.83 -93.66 75 
BUCKSNORT 4184 11 1 7/13/1997 29.94 -93.69 150 
FAULK 4185 11 1 7/13/1997 29.95 -93.63 40 
NORTHLINE 4192 11 2 7/19/1997 29.96 -93.41 0 
BROWN 4193 11 1 7/21/1997 29.91 -93.40 15 
LAKE 4194 11 1 7/21/1997 29.91 -93.40 5 
FINA 4199 11 1 7/24/1997 29.84 -93.43 250 
BAYOU 4200 11 1 7/24/1997 29.87 -93.54 1200 
BROKN GOSE 4203 11 4 10/2/2001 29.98 -93.73 1450 
UNITA-B 4207 11 4 8/4/1997 29.90 -93.40 0 
RUDISILL 4211 11 1 9/2/1997 29.89 -93.35 2 



















        
RIG 4234 11 1 9/9/1997 29.93 -93.70 100 
LOST SBOAT 4243 11 5 10/19/2001 29.83 -93.72 1380 
PLAINS 4247 11 9 9/20/1997 29.91 -93.56 1 
ORPHAN 4248 11 5 10/19/2001 89.66 -92.83 45 
GREY DITCH 4254 11 4 9/30/1997 29.86 -93.77 2000 
LINE 4288 11 4 10/19/1997 29.92 -93.40 2 
RAG FIRE 4349 11 6 6/21/2000 29.85 -93.52 1200 
OVERBOARD 4374 11 1 7/10/2000 29.84 -93.65 1775 
WHITE 4375 11 1 7/10/2000 29.84 -93.68 350 
GROUNDHOG 4385 11 4 2/3/2002 29.96 -93.66 460 
FAR NORTH 4416 11 4 3/2/2002 89.50 -90.98 1 
LABOR DAY 4517 11 1 9/11/2000 29.87 -93.52 20 
SHORT TIME 4530 11 1 6/10/1999 29.86 -93.51 20 
PILE 4546 11 4 7/2/1999 29.85 -93.43 0 
BUTCH 4554 11 1 7/5/1999 29.83 -93.51 5 
MUD LAKE 4564 11 1 7/18/1999 29.83 -93.49 30 
BEACHLOOP 4571 11 1 7/15/1996 29.93 -93.51 130 
UNIT 4 4575 11 4 3/4/1998 29.85 -93.60 2500 
KEVIN 4672 11 2 1/3/2001 29.89 -93.52 0 
MIKE 4678 11 4 10/12/1999 29.91 -93.37 5 
DUCK 4679 11 4 10/24/1999 29.85 -93.56 1950 
GRAY 4680 11 4 10/24/1999 29.94 -93.75 5320 
FIASCO 4702 11 4 11/5/1999 29.85 -93.74 500 
PLAINS 4757 11 1 5/26/2002 29.83 -93.71 2880 
SQUARE 4779 11 4 6/1/1998 29.85 -93.43 0 
TANK 4789 11 1 6/6/1998 29.85 -93.50 0 
BOAT 4791 11 6 6/5/1998 29.91 -93.48 0 
BOUNDARY 4819 11 2 6/23/1998 29.83 -93.46 0 
LAKE FIRE 4821 11 1 7/11/2002 29.94 -93.76 1 
BAYOU CPLX 4824 11 1 7/12/2002 29.83 -93.50 3189 
Y2K 4825 11 9 1/2/2000 29.88 -93.41 300 













BCH CNL! 4839 11 1 7/25/2002 29.83 -93.51 4 
7 #1 4843 11 1 7/13/2002 29.85 -93.75 2 
2 #1 4844 11 1 7/13/2002 29.86 -93.51 0 
4 #1 4845 11 1 7/13/2002 29.86 -93.51 0 
4 #2 4846 11 1 7/13/2002 29.86 -93.53 1 
5#1 4847 11 1 7/13/2002 29.91 -93.65 1 
SEISMIC 4848 15 6 7/2/1998 29.97 -93.56 2 
6 #1 4848 11 1 7/13/2002 29.93 -93.75 1 
5 #2 4849 11 1 7/13/2002 29.94 -93.65 0 
BAYOU 2 4850 11 1 7/12/2002 29.83 -93.43 432 
BAYOU 3 4851 11 1 7/12/2002 29.83 -93.58 432 
BAYOU 4 4852 11 1 7/12/2002 29.83 -93.59 432 
BAYOU 5 4853 11 1 7/12/2002 29.91 -93.58 432 
AMOCO 4854 15 6 7/7/1998 29.98 -93.50 0 
KELLY 4854 11 1 3/26/2001 29.87 -93.51 7 
BAYOU 6 4854 11 1 7/12/2002 29.86 -93.58 432 
BAYOU 7 4855 11 1 7/12/2002 29.92 -93.59 432 
WILLOW 4858 11 1 7/30/2002 29.83 -93.70 10 
LEPERCON 4859 11 1 7/30/2002 29.96 -93.41 0 
CANAL 4863 11 6 7/12/1998 29.88 -93.50 0 
GATOR 4865 11 1 8/13/2002 29.91 -93.70 20 
BOOM 4868 11 1 7/14/1998 29.83 -93.44 0 
TANK 4868 15 1 8/11/2002 29.83 -93.43 0 
BOUT TIME 4873 11 6 7/17/1998 29.84 -93.64 700 
GREEN 4878 11 6 7/17/1998 29.96 -93.66 0 
DRILL 4879 11 6 7/18/1998 29.86 -93.66 0 
N.BAYOU 4880 11 1 7/20/1998 29.85 -93.61 600 
SOUTHLINE 4903 15 1 8/2/1998 29.84 -93.48 2000 
ECLIPSE 4908 11 5 1/20/2000 29.85 -93.46 360 
BEACH 4910 11 1 8/6/1998 29.87 -93.53 5 
BURTON 4911 11 1 8/6/1998 29.85 -93.54 25 
BREAUX 4912 11 1 8/6/1998 29.84 -93.53 700 
CENTRAL 4913 11 1 8/6/1998 29.85 -93.55 640 
PONTESSO 4914 11 1 8/6/1998 29.88 -93.48 1 
BIG BOB 4915 11 1 8/6/1998 29.86 -93.58 0 
GREENS' 4921 11 6 8/11/1998 29.94 -93.66 0 
BOY 4929 11 1 8/13/1998 29.84 -93.61 1 













PETER 4930 11 1 8/13/1998 29.85 -93.61 0 
UNIT 3 4931 11 1 8/13/1998 29.90 -93.54 1 
BREAUX-II 4935 11 1 8/20/1998 29.86 -93.61 2 
BOYTOY 4936 11 1 8/20/1998 29.83 -93.61 0 
G.BAYOU#1 4948 11 6 8/28/1998 29.96 -93.71 0 
G.BAYOU#2 4949 11 6 8/28/1998 29.96 -93.71 0 
G.BAYOU#3 4950 11 6 8/28/1998 29.96 -93.71 0 
G.BAYOU#4 4951 11 6 8/28/1998 29.96 -93.71 0 
N TRAIL 4975 11 1 5/11/1995 29.85 -93.53 12 
UNIT 1 4976 11 1 5/11/1995 29.91 -93.46 2800 
UNIT 2 4977 11 9 5/11/1995 29.88 -93.50 1185 
RESEARCH 0 11 9 1/8/2003 29.91 -93.36 193 
WEST 16TH 
SECTION 0 15 4 1/16/2003 29.80 -93.73 1000 
WEST 16TH 
SECTION 1 0 11 5 1/18/2003 29.85 -93.70 1532 
BACK RIDGE 
03 0 11 1 6/3/2003 29.88 -93.46 512 
ORANGE FIRE 0 15 1 6/21/2003 29.65 -93.74 320 
SWLA 
SEVERITY 
2003 0 11 9 6/24/2003 29.88 -93.40 1 
ORANGE 
CRUSH 0 11 1 6/26/2003 29.98 -93.75 400 
APACHE 0 15 1 6/26/2003 29.80 -93.51 3 
GATOR FIRE 0 15 1 7/26/2003 29.81 -93.59 298 
GEENS 
BAYOU FIRE 0 11 1 7/28/2003 29.97 -93.68 169 
GATOR 2 FIRE 0 15 1 7/27/2003 29.83 -93.59 211 
GATOR 3 FIRE 0 15 1 7/27/2003 29.81 -93.60 12 
HAWKEYE 
FIRE 0 11 1 8/17/2003 29.91 -93.47 1 
GB2 FIRE 0 11 1 8/18/2003 29.96 -93.68 1 
GB3 FIRE 0 11 1 8/18/2003 29.97 -93.69 1 
OS1 FIRE 0 11 1 8/19/2003 29.93 -93.52 114 
OS2 FIRE 0 11 1 8/19/2003 29.86 -93.56 1 
OS3 FIRE 0 11 1 8/19/2003 29.88 -93.42 405 
OS4 FIRE 0 11 1 8/19/2003 29.90 -93.41 760 
OS5 FIRE 0 11 1 8/19/2003 29.92 -93.45 3492 
OS 6 FIRE 0 11 1 8/19/2003 29.86 -93.52 1 
UNIT 1P 0 15 1 8/23/2003 29.96 -93.51 24 
UNIT 7P 0 15 1 8/23/2003 29.83 -93.72 20 
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Appendix 2. Pre and Post-Fire Mean Signature Plots 
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